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Abstract
Background: Obesity is a growing problem in lower income countries particularly among women. There are few studies
exploring individual socioeconomic status indicators in depth. This study examines the interaction of education and wealth
in relation to obesity, hypothesising that education protects against the obesogenic effect of wealth.
Methods: Four datasets of women of reproductive age from the Egyptian Demographic and Health Surveys spanning the
period 1992–2008 are used to examine two distinct time periods: 1992/95 (N= 11097) and 2005/08 (N = 23178). The
association in the two time periods between education level and household wealth in relation to the odds of being obese is
examined, and the interaction between the two socioeconomic indicators investigated. Estimates are adjusted for age
group and area of residence.
Results: An interaction was found between the association of education and wealth with obesity in both time periods (P-
value for interaction ,0.001). For women with the lowest education level, moving up one wealth quintile was associated
with a 78% increase in the odds of obesity in 1992/95 (OR; 95%CI: 1.78; 1.65,1.91) and a 33% increase in 2005/08 (OR; 95%CI:
1.33; 1.26,1.39). For women with the highest level of education, there was little evidence of an association between wealth
and obesity (OR; 95%CI: 0.82; 0.57,1.16 in 1992/95 and 0.95; 0.84,1.08 in 2005/08). Obesity levels increased most in women
who were in the no/primary education, poorest wealth quintile and rural groups (absolute difference in prevalence
percentage points between the two time periods: 20.2, 20.1, and 21.3 respectively).
Conclusion: In the present study, wealth appears to be a risk factor for obesity in women with lower education levels, while
women with higher education are protected. The findings also suggest that a reversal in the social distribution of obesity
risk is occurring which can be explained by the large increase in obesity levels in lower socioeconomic groups between the
two time periods.
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Introduction
A worldwide obesity epidemic is unfolding [1]. The prevalence
of a Body Mass Index (BMI) greater than thirty is increasing
globally and at a much faster rate in low- and middle-income
(henceforth, lower income) countries compared with high income
countries [1,2]. Obesity has been linked to several major chronic
diseases, including type II diabetes, cardiovascular disease, selected
cancers, gallbladder disease, asthma, osteoarthritis, and chronic
back pain [3]. An estimated 2.6 million people die from non-
communicable disease each year as a result of being overweight or
obese, with the majority of deaths occurring in resource-poor
countries [4].
Obesity has reached particularly alarming levels in the Middle
East and North Africa (MENA) region [5], especially in Egypt –
one of the most populous countries in the world [6]. By the 1990s,
Egypt’s prevalence of female obesity (currently estimated at over
40% [7]) had already exceeded that in Europe and the USA [8].
At present, Egypt ranks among the top fifteen countries in the
world in terms of age-adjusted diabetes prevalence (17%) [9] and
this has worrying capacity and cost implications for future health
services.
While obesity in emerging economies is increasingly recognised
as a problem, the social distribution of obesity risk within these
populations is disputed [10,11]. Multi-country studies in Europe
[12] and Latin America [8] support the hypothesis that obesity risk
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shifts from high to lower socioeconomic status (SES) groups as
economic development proceeds [13]. They observe that in lower
income countries obesity levels are greater among high socioeco-
nomic groups (a high SES-high adiposity association), while in
high income countries, like the US and Western Europe, obesity
levels are greater among low socioeconomic groups (an inverse or
low SES-high adiposity association). This was observed in women
in particular [12], with a tipping point for the reversal in the
association identified as a Gross National Product per capita of
$2,500 [14]. More recent analyses of lower income country data
present conflicting reports as to whether the SES-adiposity
association is displaying the expected reversal [10,11,15].
However, partly due to data limitations, the majority of studies
focus on a single SES indicator. Education level and household
wealth are used interchangeably, despite the possibility that
a woman’s education (usually beneficial for health [16]) may
influence obesity risk in a very different way to the material wealth
of the household she lives in. The few studies that have
investigated the separate effects of these two factors on obesity in
lower income countries document an obesogenic effect of wealth
and a protective effect of education [17,18]. This leaves
epidemiology behind other disciplines in investigating the interplay
between different socioeconomic risk factors like education and
wealth on disease outcomes and fails to address the gap in research
going beyond uni-dimensional analyses of socio-economic status
and health [19].
In this study, using repeated cross sectional data over a period of
rapid economic growth in Egypt, the interaction between
education level and household wealth on obesity in women is
investigated. As a hypothesis, we postulate that if wealth has an
obesogenic effect, education might protect against this (education
level might modify the association between wealth and obesity).
Changes in the associations between education and wealth and
obesity over time are also examined.
Methods
Data Set
The Demographic and Health Surveys (DHS) are a worldwide
project funded by the United States Agency for International
Development to provide data on demographics and health
outcomes mainly for women and young children [20]. They are
nationally representative household based cross-sectional surveys
using a multistage stratified probabilistic sampling design (each
primary sampling unit and household having a defined probability
of selection) [20]. The DHS are a key source of data for studies on
obesity [10,11,14,21,22], using extensive interviewer training,
identical core questionnaires, standardised measurement tools and
instrument pretesting to ensure standardisation across time and
geographical locations [20].
Study Sample
We use four waves of data in two distinct time periods. The data
from 1992 and 1995 were pooled to create time period 1 (1992/
95), and from 2005 and 2008 to create time period 2 (2005/08).
The population eligible for interview and measurement was
49,948 women aged 15–49 years, but a small percentage of
anthropometric data were not available for participants who were
not at home (3% and ,1% in time period 1 and 2 respectively)
[20], resulting in an analytic sample of 49,058 women.
In the 1992 and 1995 surveys, only ever-married women with
children under five years had anthropometric measurements
taken. Therefore, women who had never been married and had
not given birth in the preceding five years were excluded from the
2005/2008 period (N= 11,852) to ensure comparability of the two
time periods. Women who were pregnant were excluded from
both samples (N= 1,821), as well as 1,207 women who were
missing covariates, leaving a total of 34,178 women in the final
analytic sample (11,097 in the 1992/95 sample and 23178 in the
2005/08 sample). Detailed sampling plans are available from the
final report of the surveys. Response rates were .95% across all
survey waves [20].
Outcome and Independent Variable Definitions
A BMI cutoff outcome is used as this remains the most widely
available measure for studying weight status in populations.
Obesity is defined as a Body Mass Index$30 [7] and calculated as
(weight/height2). Weight was obtained using digital scales
designed and manufactured under the authority of the UN
children’s fund. Height was obtained using measuring boards
produced by Shorr Productions for use in survey settings [20].
Education level was coded into three categories (1 = no or
primary education, 2 = secondary education, 3 = higher educa-
tion), based on prior research suggesting that variation in obesity
levels in women is greatest when comparing higher levels of
education with no or primary education [8]. The wealth index is
based on amenities, assets, and housing conditions. It was
generated through a principal components analysis, using the
Filmer & Pritchett method to calculate factor loadings and derive
a score for each household [23]. The wealth index was generated
separately for each survey year and the quintile cut-offs based on
the weighted distribution of the household population for each
specific year. Area of residence was included as a simple
adjustment for environmental exposures. This included two
categories: urban (cities .50,000 inhabitants and towns) and
rural (#50,000 inhabitants). We include age groups in ten year age
bands as a biological confounder. To simplify the presentation of
subgroup frequencies in Tables 1 and 2, wealth quintiles were
combined to create a poorer group (quintiles 1 and 2) and a richer
group (quintiles 4 and 5) with quintile 3 coded as missing. This did
not affect the overall pattern observed when all quintiles were
used. We also created a variable called year to represent each of
the two time periods (1992/95= 1; 2005/08= 2).
Statistical Analysis
STATA 12 SEH survey commands (svy) were used to analyse
the data and account for the complex design effect. These
commands take into account the effect of clustering and unequal
weights as appropriate when computing frequencies, proportions,
variance, standard errors, and confidence intervals. Sampling
characteristics and the prevalence of obesity by subgroup were
computed in both periods, using a chi-squared test to compare
differences between periods. The absolute difference in prevalence
between the two time periods was calculated as prevalence(2005/08)
– prevalence(1992/95) for each subgroup. Logistic regression was
used to analyse the association between the SES indicators and
obesity (both unadjusted and adjusted for age group and area of
residence).
To examine the main hypothesis of whether education level
modified the association between wealth and obesity, interaction
terms between education and wealth were fitted in the logistic
regression models. The interaction terms were examined for
significance using the Wald test (the null hypothesis being that the
interaction terms in the regression model are equal to zero). We
use the Wald test rather than a likelihood ratio (LR) test because
the latter is not valid with estimation procedures that adjust for the
design effect in STATAH. However, we performed a sensitivity
analysis using LR tests without adjusting for the design effect to
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examine whether the data were better fitted using a model with or
without the interaction. In preliminary analyses, it became
apparent that the time period variable was a strong effect modifier
of the SES–obesity relationship. The P-values for the interaction
terms between each of education level and wealth quintile and the
time period variable were highly significant (P,0.0001 in all
models for both unadjusted and adjusted estimates). On this basis,
we proceeded in performing the analyses separately for each of the
two time periods.
We estimated the unadjusted odds ratio (OR) between each SES
indicator and obesity, as well as the OR adjusted for age group
and area of residence in each time period, to examine how the
associations changed over time. The interaction results were
compiled based on recommendations by Knol et al. to present
both the separate and joint effects of two interacting factors [24].
First, the wealth trend (effect of an increase in one wealth quintile)
was estimated in the no/primary education group using the wealth
quintile variable in its continuous form. Then, using the
interaction terms for wealth by education, we calculated the
wealth trend among the two higher education groups and tested
the hypothesis that education level modifies the effect of wealth.
The interaction was fully illustrated in a graph, plotting the log
Table 1. Sample characteristics – Egyptian DHS 1992/95 and
2005/08.
1992/95 2005/08
N=11097 N=23178
Total N % (SE) Total N % (SE)
BMI (kg/m2)
Non-obese (BMI,30) 8680 78.2 (0.8) 14123 60.9 (0.5)
Obese BMI ($30) 2416 21.8 (0.8) 9055 39.1 (0.5)
Total 11097 23178
Education
None/primary 7550 68.0 (1.1) 10495 45.3 (0.7)
Secondary 2938 26.5 (0.8) 10174 43.9 (0.6)
Higher 609 5.5 (0.5) 2509 10.8 (0.4)
Total 11097 23178
Area of residence
Urban 4669 42.1 (2.2) 9422 40.7 (1.4)
Rural 6427 57.9 (2.2) 13756 59.4 (1.4)
Total 11097 23178
Age group (years)
15–24 2579 23.2 (0.6) 4177 18.0 (0.3)
25–34 5725 51.6 (0.6) 9919 42.8 (0.4)
35–49 2792 25.2 (0.5) 9081 39.2 (0.4)
Total 11097 23178
Wealth by education level
None/primary
Poorer 40% 4701 78.5 (1.6) 6545 78.8 (0.9)
Richer 40% 1286 21.5 (1.6) 1761 21.2 (0.9)
Total 5987 8306
Secondary
Poorer 40% 462 20.5 (1.7) 2250 29.2 (1.0)
Richer 40% 1792 79.5 (1.7) 5447 70.8 (1.0)
Total 2254 7696
Higher
Poorer 40% 3 0.3 (0.2) 81 3.5 (0.5)
Richer 40% 568 99.7 (0.2) 2244 96.5 (0.5)
Total 570 2326
doi:10.1371/journal.pone.0039507.t001
Table 2. Prevalence of obesity by subgroups – Egyptian DHS
1992/95 and 2005/08.
1992/95 2005/08
Absolute
differencea
N=11907 N=23177
N
obese % (SE)
N
obese % (SE) % (SEb) P-valuec
Education
None/
primary
1439 19.1 (0.8) 4124 39.3 (0.7) 20.2 (1.1),0.0001
Secondary 780 26.6 (1.2) 3910 38.4 (0.7) 11.9 (1.4),0.0001
Higher 198 32.5 (2.3) 1020 40.7 (1.3) 8.2 (2.7) 0.004
Total 2416 9055
Wealth quintile
Poorest 20% 205 7.8 (0.6) 1210 27.9 (0.9) 20.1 (1.1),0.0001
Poorer 20% 360 14.2 (0.9) 1555 34.3 (0.9) 20.1 (1.3),0.0001
Middle 20% 502 22.0 (1.0) 1966 40.5 (1.0) 18.5 (1.4),0.0001
Richer 20% 667 33.9 (1.4) 2202 45.3 (1.0) 11.4 (1.7),0.0001
Richest 20% 681 40.6 (1.6) 2121 46.2 (1.1) 5.7 (1.9) 0.003
Total 2414 9055
Area of residence
Urban 1519 32.5 (1.2) 4208 44.7 (0.8) 12.1 (1.4),0.0001
Rural 897 14.0 (0.7) 4847 35.2 (0.7) 21.3 (1.0),0.0001
Total 2416 9055
Age group
15–24 280 10.8 (0.9) 782 18.7 (0.8) 7.9 (1.2) ,0.0001
25–34 1255 21.9 (0.9) 3372 34.0 (0.7) 12.1 (1.1),0.0001
35–49 881 31.6 (1.3) 4901 54.0 (0.7) 22.4 (1.5),0.0001
Total 2416 9055
Wealth groups by education level
None/primary
Poorer 40% 513 10.9 (0.6) 2175 33.2 (0.8) 22.3 (1.0),0.0001
Richer 40% 541 42.1 (1.7) 948 53.9 (1.5) 11.8 (2.3),0.0001
Total 1054 3123
Secondary
Poorer 40% 52 11.3 (1.9) 564 25.1 (1.1) 13.8 (2.1),0.0001
Richer 40% 622 34.7 (1.5) 2457 45.1 (0.9) 10.4 (1.8),0.0001
Total 674 3021
Higher
Poorer 40% 0 d 27 32.9 (5.3) – –
Richer 40% 184 32.4 (2.4) 918 40.9 (1.4) 8.5 (2.8) 0.004
Total 184 945
aDifference in prevalence between the two time periods (prevalence(2005/08) –
prevalence(1992/95)).
bSE calculated as square root of ((SE2005/08)
2 + (SE1992/95)2).
cBased on the chi-squared test for the difference in prevalence.
dThere are only three women in this group so no estimate of prevalence is
given.
doi:10.1371/journal.pone.0039507.t002
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odds of obesity calculated for each combination of education level
and wealth quintile using the category ‘education level = none/
primary and wealth quintile = poorest’ as the referent. This
estimation was performed using logistic regression by fitting
dummy variables to indicate the combinations of education level
and wealth quintile, to produce the log ORs adjusted for age
group and area of residence. Potential multicollinearity between
the co-variates used in the multivariate regression model was
assessed using variance inflation factors.
Ethical Review
Demographic and Health Surveys (DHS) data collection
procedures were approved by the Measure DHS (Demographic
and Health Surveys) (Calverton, MC) Institutional Review Board
and by the national body that approves research studies on human
studies in Egypt. Written consent was obtained by the interviewers
from each participant. The use of the Egyptian data for this
particular study was approved by Measure DHS, and considered
exempt from full review by University College London because the
study is based on an anonymous, public-use data set with no
identifiable information on the survey participants.
Results
The average age of women in the DHS survey was 29.3 years
(95%CI: 29.1, 29.5) in the 1992/95 sample and 33.1 years
(95%CI: 33.0, 33.3) in the 2005/08 sample. The overall
prevalence of obesity was 21.8% (95%CI: 20.2, 23.3) in the
1992/95 sample and 39.1% (95%CI: 38.0, 40.1) in the 2005/08
sample. Over 90% of the women in the sample were married.
Sociodemographic Characteristics and Obesity
Prevalence
Table 1 shows that the women in the 2005/08 sample were
more educated, with similar proportions residing in urban and
rural areas in both time periods. The distribution of wealth by
education group also remained very similar over time with wealth
being concentrated among the more highly educated. Spearman
rank correlation coefficients between education and wealth were
0.56 and 0.57 in the 1992/95 sample and the 2005/08 sample
respectively.
Trends in Obesity Prevalence
Table 2 shows prevalence trends in obesity. The prevalence
was significantly greater in all subgroups in the 2005/08 sample.
The largest absolute increase in prevalence over time occurred in
those who were less educated, poorer and living in rural areas
(absolute increase in prevalence percentage points of 20.2, 20.1,
and 21.3 in women with no/primary education, poorest wealth
and rural residence respectively). There was an appreciably lower
increase in those who were more educated, richer and urban
dwelling (absolute increase 8.2%, 5.7% and 12.1% in the higher
educated, richest, and urban groups respectively). For the 1992/95
time period, there were only three women with higher education
who were in the two poorest wealth quintiles, therefore no
prevalence calculation was made involving these groups.
Changing Association of Education and Wealth with
Obesity, and Interaction Results
The top half of Table 3 shows the relationship between the
SES indicators and obesity defined as a binary outcome,
displaying separate effects for education and wealth (unadjusted
and adjusted for age group and area of residence). There was
a positive association between age group and obesity as expected
(not shown but results available on request). The unadjusted ORs
indicated a positive association between each of education and
wealth and obesity in the 1992/95 sample. The odds of obesity
in the higher education group compared with the group with no
or primary education were 2.04 times higher (95%CI: 1.62,
2.58), and the odds of being obese increased by 1.68 times for
each increase of one wealth quintile (95%CI: 1.61, 1.76).
Adjustment for age group and area of residence diminished the
magnitude of the estimates for education (OR; 95%CI: 1.23;
0.94, 1.19 for the higher education group relative to the group
with no or primary education) as well as for wealth (1.57; 1.48,
1.77). In the 2005/08 sample there was little evidence of an
association between education and obesity (see table 3), and the
positive association between wealth and obesity was diminished
in magnitude compared with the earlier period (OR; 95%CI:
1.22; 1.19, 1.26).
Figure 1 plots the log OR for obesity for each combination of
education and wealth quintile. No points are plotted in 1992/95
for the two poorest groups in the higher education category as
there were only three women in these groups (see table 1). The
pattern appears to be consistent in both time periods and shows
a positive association between wealth and obesity in the group with
no/primary education and a similar but diminished positive
association in the group with secondary education. The group with
higher education shows a much shallower relationship of obesity
with wealth quintile. At the higher end of the wealth distribution
(quintile 5 on the x-axis) education appears to have a protective
effect (a high education-low obesity association – P for trend
,0.001). There is little evidence of an association between
education and obesity in the other wealth quintiles (P for trend
not significant). The figure also shows that the effects of wealth
quintile on obesity are well described by fitting wealth as
a continuous variable.
The lower part of Table 3 displays the results for the regression
model including the interaction term between education level and
wealth quintile in its continuous form. The Wald test supported
the presence of an interaction (P#0.01 for all interaction terms in
both periods). The LR test for whether the model fit was better
with or without an interaction between education level and the
linear wealth quintile variable also provided strong evidence of an
interaction (P,0.0001 in both periods). The variance inflation
factors for the covariates ranged between 1.0–2.5 in both the
1992/95 and 2005/08 samples indicating multicollinearity was
not a concern.
The joint effect estimates show a strong positive association
between wealth and obesity in the no/primary education group
and the secondary education group, but no association in the
group with higher education. In the earlier sample (1992/95)
moving up one wealth quintile was associated with a 78%
increase in the odds of obesity (OR; 95%CI: 1.78; 1.65, 1.91)
for women with the lowest level of education (none/primary).
For women with the highest level of education, there was little
evidence of an association: the OR suggested a marginal
reduction in the odds of obesity for the same increase in wealth
of 18% that was not statistically significant (OR; 95%CI: 0.82;
0.57, 1.16). The results for the 2005/08 sample were similar but
attenuated in the lowest level of education (none/primary):
moving up one wealth quintile was associated with a 33%
increase in the odds of obesity (OR; 95% CI: 1.33; 1.26, 1.39).
In the highest level of education, there was again little evidence
of an association between wealth and obesity (OR; 95%CI:
0.95; 0.84, 1.08).
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Sensitivity Analyses
The analyses were repeated in the 2005/08 sample to include
all ever-married women (not just those with under-5 year old
children). This showed a similar interaction pattern between
education and wealth which was statistically significant, suggesting
the results of this analysis are generalisable beyond women with
young children. The interaction results were reproducible in the
separate survey years (LR test P,0.001 in 1992, 2005 and 2008;
LR test P=0.05 in 1995). We also performed a sensitivity analysis
incorporating the number of children born to the respondent as
a variable but this had little impact on the estimates and did not
improve the model fit.
Some authors have suggested that logistic regression is unsuit-
able for use when the outcome prevalence is common (.10%),
proposing a modified Poisson or log binomial model instead [25].
In this particular study, logistic regression was deemed the most
appropriate method for a number of reasons including the cross-
sectional nature of the data, and the ease of comparison with other
studies [26]. However, we ran the model using the modified
Poisson and log binomial models and found the interaction pattern
(the direction of the associations and their statistical significance)
was preserved.
Discussion
This study reports that education level modifies the association
between household wealth and obesity in two nationally
representative samples of women in Egypt. In women with the
lowest education level (no/primary education), moving up one
wealth quintile is associated with a 33 to 78% increase in the
odds of obesity depending on the time period. In contrast, for
women with the highest level of education there was little
evidence of a significant association. Secondary findings are: 1)
a faster rate of increase in obesity prevalence among the poorer,
less educated and rural groups; and 2) a diminishment of the
Table 3. Separate and joint effects of education and wealth on obesity. Egyptian DHS 1992/95 and 2005/08.
1992/95 (N=11907) 2005/08 (N=23177)
Unadjusted
Age and area of residence
adjusted Unadjusted
Age and area of residence
adjusted
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Separate effects
Education (level)
None/primary 1 1 1 1
Secondary 1.54 (1.35–1.75) 1.39 (1.20–1.60) 0.96 (0.90–1.04) 1.18 (1.09–1.27)
Higher 2.04 (1.62–2.58) 1.23 (0.94–1.60) 1.06 (0.94–1.19) 1.02 (0.90–1.16)
Wealth quintile (linear) 1.68 (1.61–1.76) 1.57 (1.48–1.67) 1.22 (1.19–1.26) 1.21 (1.17–1.25)
Joint effects (wealth trend within education levels)a
Education (level)
None/primary 1.78 (1.65–1.91) 1.33 (1.26–1.39)
Secondary 1.50 (1.35–1.68) 1.21 (1.15–1.27)
Higher 0.82 (0.57–1.16) 0.95 (0.84–1.08)
P-valueb ,0.001 ,0.001
aOdds ratio of obesity associated with an increase in one wealth quintile in each education group estimated from the model including an interaction between
education and wealth (estimates adjusted for age group and area of residence).
bP-value from the LR test for an interaction between education level and wealth quintile in its continuous form.
doi:10.1371/journal.pone.0039507.t003
Figure 1. Interaction between women’s education level and
household wealth on obesity risk using the Egyptian DHS a.
1992/95; b. 2005/08. Each point represents the log OR of that
combination of education level and wealth quintile compared with the
reference category (education level = none/primary and wealth
quintile = poorest). Error bars represent the standard error of the log
OR. All plotted estimates are adjusted for age group and area of
residence.
doi:10.1371/journal.pone.0039507.g001
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positive association between each of education and wealth and
obesity over time.
Comparison with Prior Studies
The sample composition in this study is consistent with national
estimates from other sources which also show stable proportions of
urban and rural dwellers, as documented in the Egyptian national
census [20] and investigated elsewhere [27]. Similarly, the
proportion of women reporting that they are not in paid
employment in our sample was over 70%, which is consistent
with the relatively low labour participation rates (,30%) reported
in Egyptian women over 15 years of age during the time period of
1992–2008 [6].
Since the early 1990s, there has been a growing number of
studies using data from lower income countries to examine the
association between single SES indicators and adiposity
[8,13,14,21] and how it changes over time [10,12,28]. The
majority of these studies support the hypothesis of a reversal of the
social gradient of obesity, and some provide evidence that lower
SES groups are experiencing a rapid increase in obesity risk
[10,12,28]. The diminishing magnitude of the estimates for
education and wealth found in this study is consistent with this
body of research, including the predicted tipping point for the
reversal (a GNP per capita of $2500 [14]) - Egypt’s GNP per
capita grew from ,$600 to $1,801 over the examined period [6].
Based on this, the high SES-high obesity association in Egyptian
women should therefore be expected to continue diminishing in
magnitude, and eventually reverse in the next few years to more
closely match the inverse (high SES-low adiposity) association
found in high income countries [13,14]. The findings suggest that
this is mainly driven by a large increase in the prevalence of
obesity in lower SES and rural groups, relative to a much smaller
increase in the higher SES and urban groups.
When examined jointly using the interaction model, education
and wealth appear to influence obesity levels differently in Egypt.
This could be explained away in terms of the validity and
reliability of education and wealth as indicators of SES [11],
however other lower income countries have reported separate
effects of education and wealth including Peru, the Philippines,
China, and Brazil [17,18,29,30]. They show a consistently positive
association between wealth and obesity and an inverse association
between education and obesity. These patterns are comparable to
earlier findings from Eastern Europe during its economic
transition in the early 1990s when education and material
circumstances acted differently as SES indicators of health
outcomes [28].
There is a limited literature to compare the interaction results
with, as few studies investigate the relationship between different
SES indicators of health [29,31]. One study examining the
interaction between maternal education and wealth in relation
to childhood infection in Latin American found a comparable
pattern: for any given level of wealth, the children of educated
mothers were healthier compared with the children of less
educated mothers [31]. Another, found a protective effect of
education against overweight/obesity among women but not
men [29]. We propose that using a single indicator to represent
SES may fail to capture the complexity of the social distribution
of obesity in lower income countries, and does not give
education and wealth appropriate consideration as important
factors in their own right on the causal pathway of obesity.
Therefore, the relationship between different SES indicators and
excess adiposity requires further investigation in rapidly chang-
ing economies.
Plausible Mechanisms
The findings from this analysis support the hypothesis that
education might protect against the obesogenic effects of wealth. A
simple explanation for these findings may be that increasing
wealth in lower income countries results in greater access to food,
an escape from physical labour [32], and therefore a higher risk of
obesity. For example, increased wealth or income in lower income
countries is thought to promote poor dietary habits involving take-
away food and fast-food [33] and the effect may be worse among
less wealthy households due to a link with food insecurity [34].
Higher education level, on the other hand, may protect against the
obesogenic effect of wealth by positively informing health
behaviours including dietary choices [16].
This explanation is supported by data from Mexican and
Colombian cash transfer programs which show that cash
accumulation among the poor increases consumption of fat and
sugar, especially when adult education sessions are not a compul-
sory part of the program [35,36]. The beneficial effect of
education has been theorised in the psychology literature as
resulting from a set of cognitive abilities that directly influence
health decisions as well as enabling access to other forms of
knowledge and understanding which promote health [16],
alongside psychosocial pathways [37].
It is likely that there are other factors associated with education
that may influence the obesogenic effect of wealth. It was not
possible to take these into account in this study, but cultural
preferences affecting body shape norms and attitudes towards
physical activity may have a role [13]. Since education is not
a guaranteed way out of poverty in Egypt [38], some women may
need to forego education and seek upward mobility through other
routes such as marriage, thus creating a stratum of women who
have better living conditions but low education levels. These
women are likely to come from more traditional backgrounds
which may impose restrictions on their mobility and favour higher
body weight as a beauty standard. In contrast, wealthy women
with high levels of education may come from more progressive
families, and adopt more Western norms of female beauty that
favour slim body shapes as well as endorse more physically active
leisure time activities. At the higher end of the wealth distribution,
women may be able to more to fully reap the benefits of higher
education to enable healthier behaviours through access to
expensive foods and sports facilities. For a more complete
understanding of the interaction between education and wealth
contextual factors such as changes in the food environment as well
as locally relevant factors would need to be taken into account.
The excessively high overall prevalence of female obesity in
Egypt relative to its level of economic development is currently
unexplained, although other investigations have discussed the role
of the food subsidy system in Egypt which makes oil, sugar, and
previously ghee available more cheaply [39,40]. In addition, there
may be a biology-environment interaction specific to countries
where the nutrition transition (from a situation of calorie scarcity
to one of high energy density) has been rapid compared with
Western countries. The rapid change experienced within in-
dividual lifespans could have caused a mismatch between
metabolic programming in early life and the energy available for
consumption in adulthood, with a consequent increase in the
susceptibility to excess adiposity, as formulated in Gluckman’s
match-mismatch hypothesis [41].
The remarkably large increase observed in lower SES groups in
this study may be a result of the rapid adoption of new patterns of
consumption (diets high in sugar and saturated fat) and sedentary
levels of physical activity in these groups [4]. For example, the
consumption of soft drinks in Egypt has increased dramatically
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over the period examined, particularly in groups of lower SES
status [42,43]. There are few empirical studies of SES and dietary
patterns in Egypt in the literature, however, one study reported
a greater propensity to consume meat, fats, and sugar in the
poorer rural populations than in urban ones [44]. The faster rate
of increase in obesity levels in the lower SES groups has been
attributed elsewhere to a disproportionate response to the
contextual changes of the nutrition transition [10] and again
may be linked to a mismatch between metabolic programming
and energy availability [41].
Implications for Intervention
While exercising due caution in making policy suggestions based
on findings from cross-sectional data, the health benefits of
women’s education are well documented in the fields of maternal
and child health [31]. This paper shows how the education of
women can also protect against non-communicable disease risk
factors such as obesity, and therefore that potential synergies in
different health fields may exist. We suggest that the association
between economic development and higher obesity levels in
women is not inevitable. It may be broken by investment in
education programs alongside programs promoting economic
growth. The findings also caution against the unintended
consequences of poverty alleviation programs that do not do so.
Strengths and Limitations
This analysis took advantage of the opportunity offered by the
Egyptian DHS data, which are unique in the number of repeat
standard survey waves, to create two samples of pooled data. This
provided large sample sizes and hence greater power to reveal
underlying trends and associations which may otherwise be
obscured by noise or large sampling variability in smaller
individual data sets. The data limitations reduced the sample to
ever-married women with children under-5 which may limit the
generalisability of the findings, however, the high marriage rate in
Egypt (estimated at .80% in the 20–49 years age group [45]) and
the sensitivity analysis suggest the patterns observed are likely to be
found in the general population of Egyptian women in the
reproductive age range.
Importantly, this study goes beyond the uni-dimensional
analyses of SES and obesity in order to separate the associations
between individual SES indicators and obesity and examine how
they intersect. However, as in all studies using cross-sectional data,
all the co-variates were measured at the same time and the results
can only support the original hypothesis, although theory and
prior studies provide substantial corroborating evidence for the
postulated protective effect of education.
Conclusion
In summary, wealth appears to be positively related to obesity in
women in Egypt as in many other lower income countries, but
education may offer some protection against this - particularly
higher education. To our knowledge, this is the first time this
interaction has been demonstrated in any population. In addition,
the study supports the existence of a dynamic association between
each of education and household wealth in relation to obesity over
time, consistent with expectations from the majority of prior
studies documenting a reversal of the association between SES and
obesity as economic development proceeds. Compared with
higher income countries, the relationship between SES and body
size appears to be more complex in lower income countries
undergoing rapid economic growth. We recommend that future
studies on SES and excess adiposity in these rapidly changing
settings consider the relationship between SES indicators with
greater scrutiny. Finally, the remarkable increase in obesity
prevalence among the less educated, poorer and rural dwelling
women requires further investigation.
Acknowledgments
We would like to acknowledge Macro International Inc. (Washington, DC)
for providing access to the Egyptian Demographic and Health Surveys
data, and the reviewers for their help in improving the manuscript.
Author Contributions
Conceived and designed the experiments: AA-S TC RN MS. Analyzed the
data: AA-S. Wrote the paper: AA-S SF MS MGM.
References
1. Prentice AM (2006) The emerging epidemic of obesity in developing countries.
Int J Epidemiol 35: 93–99.
2. Popkin B (2002) What is unique about the experience in lower- and middle-
income less-industrialised countries compared with the very-high income
countries? The shift in the stages of the nutrition transition differ from past
experiences! Public Health Nutrition 5: 205–214.
3. Guh D, Zhang W, Bansback N, Amarsi Z, Birmingham CL, et al. (2009) The
incidence of co-morbidities related to obesity and overweight: A systematic
review and meta-analysis. BMC Public Health 9: 88.
4. Ezzati M, Hoom S, Lawes C, et al (2005) Rethinking the "diseases of affluence"
paradigm: Global patterns of nutritional risks in relation to economic
development. PLoS Med 2: e133.
5. Musaiger A (2011) Overweight and Obesity in Eastern Mediterranean Region:
Prevalence and Possible Causes. J Obes Published online 2011 September 18.
doi: 10.1155/2011/407237.
6. World Bank data bank (World Development Indicators). Accessed March 2012
at http://databank.worldbank.org/ddp/home.do?Step= 2&id= 4.
7. Chen R, Ma Y, Wilson K, Hu Z, Sallah D, et al. (2011) A multicentre
community-based study of dementia cases and subcases in older people in
China-the GMS-AGECAT prevalence and socio-economic correlates. In-
ternational journal of geriatric psychiatry.
8. Martorell R, Khan L, Hughes M, Grummer-Strawn L (2000) Obesity in women
from developing countries. Eur J Clin Nutr 54: 247–252.
9. International Diabetes Federation country data. Accessed March 2012 at
http://www.idf.org/atlasmap/atlasmap.
10. Jones-Smith JC, Gordon-Larsen P, Siddiqi A, Popkin BM (2011) Is the burden
of overweight shifting to the poor across the globe? Time trends among women
in 39 low- and middle-income countries (1991–2008). Int J Obes Published
online 2011 Sep 13. doi: 10.1038/ijo.2011.179.
11. Neuman M, Finlay JE, Davey Smith G, Subramanian S (2011) The poor stay
thinner: stable socioeconomic gradients in BMI among women in lower- and
middle-income countries. Am J Clin Nutr 94: 1348–1357.
12. Molarius A, Seidell J, Sans S, Tuomilehto J, Kuulasmaa K (2000) Educational
level, relative body weight, and changes in their association over 10 years: an
international perspective from the WHOMONICA Project. Am J Public Health
90: 1260–1268.
13. Sobal J, Stunkard A (1989) Socioeconomic status and obesity - a review of the
literature. Psychological Bulletin 105: 260–275.
14. Monteiro CA, Conde WL, Lu B, Popkin BM (2004) Obesity and inequities in
health in the developing world. Int J Obes Relat Metab Disord 28: 1181–1186.
15. Subramanian S, Perkins JM, O¨zaltin E, Davey Smith G (2011) Weight of
nations: a socioeconomic analysis of women in low- to middle-income countries.
The American Journal of Clinical Nutrition 93: 413–421.
16. Mirowsky J, Ross C (2003) Education, Social Status, and Health. New York:
Aldine de Gruyter.
17. Monteiro CA, Conde WL, Popkin BM (2001) Independent Effects of Income
and Education on the Risk of Obesity in the Brazilian Adult Population. J Nutr
131: 881S-886.
18. Poterico JA, Stanojevic S, Ruiz-Grosso P, Bernabe-Ortiz A, Miranda JJ (2011)
The Association Between Socioeconomic Status and Obesity in Peruvian
Women. Obesity Published online 2011 Sep 29. doi: 10.1038/oby.2011.288.
19. Sen g, Iyer A, Mukherjee C (2009) A methodology to analyse the intersections of
social inequalities in health. Journal of Human Development and Capabilities
10: 397–415.
20. Ebrahim S, Montaner D, Lawlor DA (2004) Clustering of risk factors and social
class in childhood and adulthood in British women’s heart and health study:
cross sectional analysis. BMJ 328: 861.
Education, Wealth, and Obesity in Women in Egypt
PLoS ONE | www.plosone.org 7 June 2012 | Volume 7 | Issue 6 | e39507
21. Ziraba A, Fotso J, Ochako R (2009) Overweight and obesity in urban Africa: A
problem of the rich or the poor? BMC Public Health 9: 465.
22. Puoane T, Steyn K, Bradshaw D, Laubscher R, Fourie J, et al. (2002) Obesity in
South Africa: The South African Demographic and Health Survey. Obesity 10:
1038–1048.
23. Rutstein S, Johnson K (2004) The DHS Wealth Index (DHS Comparative
Report No.6). ORC Macro: Calverton, Maryland.
24. Knol M, VanderWeele T, Groenwold R, Klungel O, Rovers M, et al. (2011)
Estimating measures of interaction on an additive scale for preventive exposures.
Eur J Epidemiol 26: 433–438.
25. Zou G (2004) A modified poisson regression approach to prospective studies with
binary data. American journal of epidemiology 159: 702–706.
26. Bieler GS, Brown GG, Williams RL, Brogan DJ (2010) Estimating model-
adjusted risks, risk differences, and risk ratios from complex survey data.
American journal of epidemiology 171: 618–623.
27. Zohry G (2002) Rural-to-Urban Labor Migration: A Study of Upper Egyptian
Laborers in Cairo (PhD thesis): University of Sussex, Brighton Centre for the
Comparative Study of Culture, Development and the Environment.
28. Austin A, Hill A, Fawzi W (2011) Maternal obesity trends in Egypt 1995–2005.
Matern Child Nutr Online publication 2011 Oct 7. doi: 10.1111/j.1740-
8709.2011.00346.x.
29. Dahly DL, Gordon-Larsen P, Popkin BM, Kaufman JS, Adair LS (2010)
Associations between Multiple Indicators of Socioeconomic Status and Obesity
in Young Adult Filipinos Vary by Gender, Urbanicity, and Indicator Used.
J Nutr 140: 366–370.
30. Hou X, Jia W, Bao Y, Lu H, Jiang S, et al. (2008) Risk factors for overweight
and obesity, and changes in body mass index of Chinese adults in Shanghai.
BMC Public Health 8: 389.
31. Hatt LE, Waters HR (2006) Determinants of child morbidity in Latin America:
A pooled analysis of interactions between parental education and economic
status. Social Science & Medicine 62: 375–386.
32. Du S, Mroz TA, Zhai F, Popkin BM (2004) Rapid income growth adversely
affects diet quality in China–particularly for the poor! Social Science & Medicine
59: 1505–1515.
33. James P (2006) Marabou 2005: Nutrition and Human Development. Nutrition
Reviews 64: S1–S11.
34. Rosen S, Shapouri S (September 2008) Obesity in the Midst of Unyielding Food
Insecurity in Developing Countries. In: Economic Research Service. U.S.
Department of Agriculture ERS, editor.
35. Aitsi-Selmi A, Benova L, Sholkamy H, Marmot M. Addressing the double
burden of malnutrition in Egypt: do conditional cash transfers have a role? 2–4
November 2009. Available from http://eprints.ucl.ac.uk/20162/1/20162.pdf.
36. Fernald LCH, Gertler PJ, Hou X (2008) Cash Component of Conditional Cash
Transfer Program Is Associated with Higher Body Mass Index and Blood
Pressure in Adults. J Nutr 138: 2250–2257.
37. Marmot M, Shipley M, Brunner E, Hemingway H (2001) Relative contribution
of early life and adult socioeconomic factors to adult morbidity in the Whitehall
II study. Journal of Epidemiology and Community Health 55: 301–307.
38. Galal A ( March 2002) The Paradox of Education and Unemployment in Egypt.
The Egyptian Centre for Economic Studies.
39. Asfaw A (2007) Do Government Food Price Policies Affect the Prevalence of
Obesity? Empirical Evidence from Egypt. World Development 35: 687–701.
40. Galal OM (2002) The nutrition transition in Egypt: obesity, undernutrition and
the food consumption context. Public Health Nutr 5: 141–148.
41. Gluckman PD, Hanson MA, Beedle AS, Raubenheimer D (2008) Fetal and
neonatal pathways to obesity. Frontiers of hormone research 36: 61–72.
42. (2012) Soft drinks in Egypt (2012). Euromonitor country reports. Available at
http://www.euromonitor.com/soft-drinks-in-egypt/report.
43. Carbonates in Egypt (2011). Available at http://www.euromonitor.com/soft-
drinks-in-egypt/report.
44. Dawoud S (2005) An analysis of food consumption patterns in Egypt (PhD
thesis): Kiel University.
45. United Nations Population Division/DESA. World marriage data. Accessed
march 2012 at http://www.un.org/esa/population/publications/WMD2008/
Main.html.
Education, Wealth, and Obesity in Women in Egypt
PLoS ONE | www.plosone.org 8 June 2012 | Volume 7 | Issue 6 | e39507
